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1. Infroduction 3. Seasonal Cycle Changes | urtace heoting (W/ef)
We assess impacts of in.creased atmospheric CO; on tropical climate, using the CM2.0 .& The 4xCO4 simulation shows a stronger seasonal cycle of SST over the equatorial central E
CM2.1 global COUPI?d climate models developed at NOAA/ GFDL (Delworth e.t al. and Wit- Pacific, Atlantic, and eastern Indian Ocean. The seasonal cycle of rainfall is enhanced in :
tenberg et al., J. Climate, 2006). We compare multi-century control runs (with fixed 1860 the northern & southern I'TCZs, the equatorial Pacific, and the tropical Indian Ocean. =
values of trace gases, aerosols, insolation, land cover, and 286ppmv COy) to runs in which 0 h 1 Pacif ” e
COs increases 1%/yr and then stabilizes at 4xCOs (1144ppmv) after year 140. We focus here n the eastern equatoria CLACHIG, i wing stress (cPo) onnual deviotion, overoged E*S—EN -
stronger southeasterly trades in boreal 10 _4xC0, - 1860 '

on years 200-300 of the CM2.1 runs (above); CM2.0 results are similar except for Section 4. ,
summer/fall enhance the upwelling

peak, and weaker trades in boreal
spring amplify the upwelling minimum.
These increased seasonal upwelling
variations act upon the stronger mean
upper-ocean thermal stratification at
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2. Annual-Mean Changes
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The 4xCO9 run shows a fairly uniform 3—4°C warming of SST, with enhanced warming in
the equatorial & eastern Pacific. Rainfall increases along and just south of the equator, but
decreases in the northern ITCZ. The Pacific trade winds weaken and become more symmet-
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ric about the equator. After CO4 stabilization at 4x, the reduced annual-mean longwave ¢ 4xCO0y, giving an er}hanced.seasonal Y- § o ;
cooling of the surface is balanced by reduced shortwave heating and enhanced evaporation. § ?le Of ocean-dynamical cooling — Whl(fh : I =
> 1s slightly opposed by the changes in = 0 | :
zonal wind stress (dPa) oo e L AL vio WARE pot surface heat fluxes. - R T e
| 4. Interannual Variability and ENSO CM2.0 NINO4 precip spectra CM2.1 NINO2 precip spectra
100 4 / ;-
L /;@\ LA Many of the simulated COs-induced changes in ENSO are detectable only with
o et long time series, due to the strong multidecadal modulation of ENSO in CM2.0
o B e & CM2.1. However, in both models there is a clear strengthening & eastward
10°s SN/ shift of the equatorial Pacific rainfall variations. This occurs even in CM2.1,
S VRS VM e 2 ef c which has reduced interannual SST variance at 4xCQOq (see below). The plots at g
I right show spectra of NINO4 rainfall, from individual centuries (thin lines) and <
sea surface salinity (psu) e, o e s e multi-century means (thick lines). As CO; levels rise, both models show mono- ¢
- ;;;:Gi_\ tonically increasing precipitation variance at time scales shorter than 2yr. At
i} = = time scales beyond 2yr, ENSO amplifies & shifts to longer periods at first; but - -~
o at higher CO; it shifts back to shorter periods and (in CM2.1) weakens. The { 150 Contral (00010500 P~ 150 Conat (0001-2000)
thresholds for these changes differ between the models, with CM2.1 acting like i [ 20005 (0101 ool 200, (0101-0200)
/\\ a higher-COy version of CM2.0. At 4xCOs, both models show increased sensi- A O A A 1102 R
- ':ﬁ’" Tt tivity of equatorial Pacific rainfall & zonal wind stress to ENSO SSTAs. (mm/day)? / octave (mm /day)? / octave
. e B e e
10°S ' | y ol | » igé /,.,\\\ - The surface heat ﬂUX damping 0 f CM2.0 precip anom (mm/day) CM2.0 zonal wind stress anom (mPa) 10CMz:iiff;ththﬂsz(!;/T"l?;lf:f'éw
N Al W R M S AR e WO \//“\_ SSTAs also increases, due to en- L >
hanced cloud shading (in the central 5 of
Over most of the tropical oceans, the thermal stratification in- Pacific) and evaporation (in the east .} ° m=
1o creases over the top 50m, the mixed layer shoals, and the sur- Pacific) during ENSO warm events. ot =
o face currents weaken. The thermocline flattens, shoals, and Compared to CM2.1, CM2.0 shows .
10 intensifies, and the equatorial undercurrent and upwelling be- a larger increase in surface heat .} § o
come shallower. The Indo-Pacific warm pool grows fresher near flux damping, and more of an east- . § N ae =
. the surface, while the tropical Atlantic becomes saltier. In the ward shift of the equatorial zonal R et I Rl e s tt -
; eastern equatorial Pacific, increased downward surface heat wind stress response to SSTAs. Over
o fluxes indicate enhanced ocean-dynamical cooling; the opposite the Indian Ocean, Atlantic, and ot mos s DGR
holds near the dateline and in the southeast tropical Pacific. east Pacific, the variance of zonal oL Y
wind stress weakens at both inter- .§ TR
equatorial temperature (°C) equatorial zonal current (cm/s) equatorial upwelling (m/day) annual and subannual time scales .- E © e
1860, 4xCO, (change shaded) 1860, 4xCO, (change shaded) 1860, 4xCO, (change shaded) Sy .
* (not shown). The 4xCQO- case also N
amplifies the ENSO heat flux forc- .. ol
ing of the Atlantic, with enhanced -} 5 - :J: T
solar heating and greater reductions - § | | : NS R |
R in evaporation during El Nifo. masknan st il aansneanyeasnnasumans sl e 5 e
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